amounts of nitrogen similar to those from NG babies (12.1 + 0.57 g/100 g FFDS vs. 12.3 + 0.29 g/100 g FFDS). Within the NG group, premature and mature neonates had similar mean muscle nitrogen contents (12.5 + 1.59 g/100 g FFDS and 11.4 f 0.78 g/ 100 g FFDS, respectively). Likewise in the IGR group, muscles from premature and mature neonates had similar mean nitrogen contents (12.0 + 2.70 g/100 g FFDS and 11.7 + 1.32 g/100 g FFDS, respectively). Fingernail nitrogen content averaged 13.8 f 0.95 g/100 g. As shown in Figure 2 , IGR neonates had mean fingernail nitrogen contents similar to NG babies (13.7 +-0.27 g/100 g vs. 13 .8 f 0.17 g/100 g). Fingernails from premature (P) and mature (M) neonates contained similar amount of nitrogen on the average, whether the babies were NG (P: 13.8 f 0.81 g/100 g; M: 13.6 + 1.16 g/100 g) or IGR (P: 13.7 f 1.14 g/100 g; M: 13.8 f 1.07 g/100 g).
The timing of fingernail and muscle sampling in relation to death did not affect nitrogen contents, as shown by horizontal regression lines: Fingernail nitrogen = 0.0010T + 13.7 (r = 0.04); muscle nitrogen = 0.0015T + 12.1 (r = 0.03), where T is the length of time(in hours) between death and autopsy.
In NG neonates, fingernail nitrogen content was directly proportional to muscle nitrogen content, with a moderate but significant correlation coefficient of 0.48 (P < 0.002). The two variables correlated even better in IGR neonates, with a highly significant coefficient of 0.67 (P < 0.005). The two regression lines were practically identical (Fig. 3) . With data from both groups combined, a correlation coefficient of 0.59 was obtained (P < 0.001) and the following regression ( Fig. 4 ' Mean + S D (range). 
DISCUSSION
The general state of health and metabolic activity has been known to affect fingernail composition in adults. The amount of nitrogen lost in dermal excretions of which fingernails are an important portion, decreases in normal subjects when daily dietary intake of nitrogen decreases and increases when nitrogen intake increases (15) . Fingernail creatinine content increases in patients with chronic renal failure (12) . In healthy mature neonates, fingernail trimmings obtained within 2 weeks of birth contain on the average less nitrogen than fingernails from healthy adults (13.6 + 0.96 g/100 g vs. 14.6 f 0.59 g/100 g, P < 0.001) (14). Mean nitrogen content is lower in fingernail clippings from "compromised" neonates-P and IGR babies, neonates with perinatal asphyxia and Coombs positive hemolytic anemia, and infants of diabetic or toxemic mothers-than in clippings from healthy mature neonates (12.3 f 1.66 g/100 g vs. 13.6 f 0.96 g/100 g, P < 0.001) (14). Our earlier data suggest that prematurity itself does not affect mean fingernail nitrogen content (13.0 + 1.46 g/100 g in P neonates vs. 13.4 f 1.29 g/100 g in M neonates) (13) . IGR neonates, however, have lower nitrogen content in fingernail clippings obtained within 21 days of birth than their N G peers (12.3 f 1.46 g/ 100 g vs. 13.3 f 1.34 g/ 100 g, P c 0.005). Infants of diabetic mothers have even lower fingernail nitrogen content than N G babies (11.6 + 1.31 g/100 g vs. 13 .3 f 1.34 g/100 g, P < 0.001). but not significantly lower than IGR babies (13) .
The data from the present study apparently contradict our earlier findings, since no difference in nitrogen content was found between fingernails from IGR and N G neonates. This may be the result of using entire fingernails rather than clippings. No information is available concerning the rate of fingernail growth in the fetus and neonate. A 1000-g neonate's fingernails extend approximately 3 mm from the nail bed to the distal edge. At a n adult fingernail's maximum growth of 0.1 I mm/day (15), this represents 27 days of growth. Depending on the nature of the perinatal course, a fingernail could be described as a succession of zones with different nitrogen concentrations. The nitrogen content of corresponding zones of two neonates' fingernails (e.g., their distal edge) may be different while the entire fingernails' mean nitrogen concentrations are similar. Interestingly, no difference was found between amino acid patterns and concentrations of N G and IGR neonates' entire hair growth (I). The mean composition of fingernails and hair might thus be a n integrator of events occurring over a period of several days or weeks while the appendage is growing, and the result of our two studies need not be contradictory. The final proof would be difficult to elicit in view of the technical problems involved in measuring reproducibly nitrogen content of very small amounts of fingernails (a 1000-g neonate's entire nail weighs about 0.5 mg).
Further speculation on the meaning of fingernail nitrogen content requires quantitative distinction between nonprotein (urea, creatinine) and protein (a-amino) nitrogen. No data for fingernail nonprotein content exist in neonates. A healthy adult's fingernail creatinine content of at most 7 mg/100 g would account for about 0.5% of total fingernail nitrogen (12) . It appears that nonprotein nitrogen content of fingernails would be negligible.
Data on the chemical composition of muscles in human neonate are scarce. The entire thigh muscle has been analyzed in seven fetuses ranging from 13-22 weeks of gestation and four mature stillborn neonates (8) . Nitrogen content averages 11.9 g/100 g FFDS and protein nitrogen accounts for 89% of the total. In Macaca mulatta fetuses ranging from 80-160 days of gestation (term), skeletal muscle nitrogen content averaged 12.4 g/100 g FFDS approximately (individual values estimated from a graph) and remained quite stable throughout that period of gestation (7). Our own values are quite similar (12.1 f 1.89 g/100 g FFDS).
The absence of difference in nitrogen content of muscle from IGR and N G neonates may be surprising, but it is in keeping with existing findings in the rhesus monkey (1 1). IGR appears to be reflected more in the size than in the chemical composition of skeletal muscles.
Skeletal muscles account for 25% of total body proteins in the neonate and probably for a greater proportion of mobilizable proteins (8) . They play an important role as endogenous suppliers of nitrogen when the exogenous (dietary or transplancental) supply is insufficient. However, these organs are accessible only by invasive techniques, biopsy, or surgery. The correlation between nitrogen content of muscle and fingernail suggests that the latter may be used to assess the former noninvasively. More data are needed to define the significance of these findings. Under clinical conditions, only fingernail clippings are available noninvasively. The relationship between mean nitrogen content of a n entire nail and the nitrogen concentrations of various zones of a fingernail need to be defined. Because of the slow growth rate of fingernails, the composition of nail clippings at, or shortly after, birth may reflect the influence of events that occurred days or weeks before birth. The 'study of fingernail growth rates will be of obvious importance to the timing of these events. Specifically, potential variations in the rate of fingernail growth under various states of nutrition must be studied as the important variable may well be the amount of nitrogen deposited in a fingernail per unit of time rather than its nitrogen concentration.
C O N C L U S I O N
Muscle and fingernail nitrogen contents vary neither with duration nor quality of intrauterine growth. Fingernail nitrogen content appears to correlate moderately but significantly with muscle nitrogen content (r = 0.59, P < 0.001). This suggests that fingernails may be used to monitor muscle nitrogen content without recourse to invasive techniques. Since muscle nitrogen accounts for 25% of total body nitrogen and possibly a greater proportion of mobilizable nitrogen, fingernail nitrogen content may reflect the status of the body's protein economy. Since fingernail clippings represent nail formed several weeks earlier, they further constitute noninvasive intrauterine biopsies.
